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RE: Application No. 09/830,986 





MESSAGE: 

Examiner Willis: 

Thank you for allowing us to discuss this matter with you on Tuesday, at 10:00 AM. 

Enclosed is an article which we would like to discuss during the interview. The article is by the instant 
inventors and was submitted after the priority date of the instant application to Pharmaceutical Research. 

»J l3 i enC '° Sed me G u en ?r al Comments", which were received based upon the original submission. 
Please note the reference to the idea as being "brilliant." 

We would also like to discuss the Hunt et al article, which was discussed in our last response. 

Please call me if you have any questions, or any topics which you would like us to address durinq our 
interview. 

We look forward to discussing this matter with you next week. Thank you for your time. 

Sincerely 
Donna Meuth 



E!;J£l! TJfL™?^ f^S* ta message Is attorney-client privileged and contains confidential 

information Intended only tar the use of tfie person(s) named above end others expressly authorized to receive 
nf Z^JIL^ ^ !Mut^ ded J ecIpient Y ? u f™ he £ b * n ?*«ed that any dissemination, distribution or copying 
to 2 b?^L ? l Fttet " I m h* 0 " ** * US immadiate| y telephone and to return this message 



Any questions regarding mpattbllrty should be directed to our Office Services Department at + 1.703.836.6620. 
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Moss 1,977,642 Oct. 23, 1934 

Page 1 1, "Vinylite, Series V resins for Surface Coatings", pub. 1939 by Carbide & Carbon Chem 
Corp., N. Y. City 

Widmer et al. 2,197,357 Apr. 16, 1940 
Moore 2,218,474 Oct. 15, 1940 

LU This appeal is but one of four cases collectively presented here for determination. Because the parties 
are identical, the cases very closely related, and the same questions of patentability involved, the four 
cases were argued at the same time. As described in the Solicitor's brief- 
All of the applications relate to coating compositions adapted for application to metal objects and 
to be baked thereon to form a hard transparent film. All of the compositions contain a 
melamine-formaldehyde resin which has been reacted with an alcohol and in addition they contain 
one or another of the following: cellulose acetate, ethyl cellulose or polyvinal acetate acetal. The 
claims recite certain minimum proportions or a range of proportions of the last named materials to 
the resin a certain minimum proportion of the formaldehyde to melamime in the resin, and certain 
limitations as to the alcohol employed. In general the rejection of the claims has been on the 
ground that recited proportions were ascertained by mere routine experimentations without the 
exercise of invention. 

Of the cited references in the instant case, the patent to Moss, No. 1,815,444 discloses an adhesive liquid 
coating composition containing a mixture of cellulose acetate and a synthetic resin compatible therewith 
in a volatile solvent, in which the proportions of cellulose acetate and synthetic resin, as described in 
example 1 , range from 1 :9 to 9: 1 . 

In Moss, No. 1,977,642, a coating composition is disclosed containing cellulose acetate to which natural 
or synthetic resins may be added to improve not only the strength but also the adhesive qualities of the 
composition. Moss recites an extensive list of suitable synthetic resins. 

The publication of the Carbide & Carbon Chemical Corporation, "Vinylite," discloses compatibility 
ranges of "Vinylite resin," and numerous other film-forming materials established by compatibility tests. 

Widmer et al. discloses coating compositions made of melamine-formaldehyde-alkyl resins which may 
be used as lacquers. Many species of the composition are described in 49 examples printed in the 
specification. 

Example 1 shows a mixture of formaldehyde and melamine in the molal ratio of 8 to 1 and the 
compound thus obtained is added to butyl alcohol, as described in example 9, which in turn, "may be 
added, for example, to nitrocellulose lacquers in order to lend them hardness and filling capacity." 

Page 414 



The patent to Moore relates to coating compositions such as varnishes, lacquers, "and in general, to 
film-forming compositions for the production of films requiring good strength, hardness, and adhesive 
power." Blends of melamine-formaldehyde-resin and alkyd resin may be mixed "with other materials of 
the same or different classes such as cellulose esters or ethers including nitrocellulose, cellulose acetate." 

Moore is illustrated by twelve examples which describe certain of the more specific features of his 
invention. Example 1, for instance, describes a melamine-formaldehyde resin, reacted with n-butanol 
This resin is mixed with nitrocellulose to make a lacquer. The molal ratio of formaldehyde to melamine 
described in example 1 is 4.5:1. 



3/25/03 6:50 PM 



JUL-12-2002 14:43 



BURNS DOPNE 



703 836 2021 P. 01/16 



I Burns 
IDoane 

SWECKER & 
MATBISllp 



Menlo Park, Caufornea 
Durham, North Carolina 



Reply To: 
P.O. BOX 1404 

Alexandria., Virginia 22313-1404 



Telephone: 
FACSIMILE: 

DATE: July 1 2, 2002 



+ 1.703.836.6620 

+ 1.703.836.2021 (Group 3) 
+ 1.703.836.0028 (GROUP 4) 



Recipient Information 


Sender Information 


To: Examiner Michael WDlis 


From: 


Donna Meuth 


Voice Tel. No.: 703-305-1679 


Voice Tel. No.: 


508-339-3684 


Fax Tel. No.: 703-746-5275 


Sent By: 


Amy Scipione (703-299-6862) 


Your Ref.: 


Our Ref.: 


030560-056 




Total Pages 18 
(IncL This Cover Page); 



RE: Application No. 09/830,986 



MESSAGE: 

Examiner Willis: 

Thank you for allowing us to discuss this matter with you on Tuesday, at 10:00 AM. 

Enclosed is an article which we would like to discuss during the interview. The article is by the instant 
inventors and was submitted after the priority date of the instant application to Pharmaceutical Research. 
We have also enclosed the "General Comments", which were received based upon the original submission. 
Please note the reference to the idea as being "brilliant." 

We would also like to discuss the Hunt et al article, which was discussed in our last response. 

Please call me if you have any questions, or any topics which you would like us to address during our 
interview. 

We look forward to discussing this matter with you next week. Thank you for your time. 



Sincerely 
Donna Meuth 



^? ^P 10 f fom ^ on contained in this facsimile message is attorney -client privileged and contains confidential 
I? « mation ^"tended ? n, V for the use of the personal named above and others expressly authorized to receive 
If y u are not th Intended recipient, you are hereby n titled that any dissemination, distribution or copying 
of this .message tej prohibited and y u are asked to notify us Immediately by telephone and to return this message 
to us by mail without copying It. * 
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Polymers with Thiol Groups: 
A New Generation of 
Mucoadhesive Polymers? 

Andreas Bcinkop-SchnQpcfa,^ Veronlka Sehwarx, 1 
and Sonfa St*roinger J 



Hecehcd D*cemb c? 2< 7 0gfr accepted March 3, 1999 

P«rpvs£. To improve the mucoadhatve propeniea or pgt7*n*of*il 
by the introduction of tulftydryl group*. 

Methods. Ntedxiced by a uubui umidc, cysteine wu rtvll tatty bound 
to pejyorbopnll (PCP) fomang amide bonds between Ac primary 
amino group of the amino add and the carboxylk add raoidici of the 
polymer. Tbs outturn of cpval«nUy attached eyxleina tad the feramian 
or diiuiflde toady wtitfn the modified polymer were determined by 
quamffyiaf ihe store of ihlel group* oo Ac polynia- conjugate with 
ElLmaa'tf reagent. The adhesive properties of p^ycarbophiUyndnc 
conjugates ^re evftinniad in vitm on excised pctct&e inttiUna) mucosa 
by detexmlnin- die total work or adhesion (TWA)- 
Jtevta Depending- oa ihe weight-ratio of ptfycarbophll to cytieine 
at (he eoupfiag reaction, 16; I and fcl, 0.6 ± 0L7 pinole and 
53 ± 24 uamlc cystciAe. rcspcctrfcly, were covalenUy bound per | 
polymer* The modified poiymar dUptayed improved uuernil cohesive 
properties due to ihe formation of !mn*h*to disulfide bonds wilHn 
Ok poJytnor in *tuooui SQluUons at pH-vsJycs above 5, Adhesion 
studio* revealed strongly improved odheytve properties. Whereas die 
Twa wis dei£fmlmd to be 104 ± 21 pj for the unmodified polymer, 
ii was 191 ± 47 pj far the polymcr^yfiteine conjugate 16:1 and 280 
^ d7 pJ Cor the polymnr-cystcine conjugate 2x\. 
CoAcIuxtans. Poty men wlfi alei groups miihi n^tesem a new jeoiir^ 
tuiaa or mucoid halve potymeni displaying comparatively monger 
aaneslve propeniesL 

KEY WORDS? mucoadlMiioat eooeslofl; cysteine; potycarbOpMK 
disulfide bonds. 

INTRODUCTION 

Since the concept of bioadhesion has been introduced into 
the pteumammral literature, many attempts in acidemia as 
well ai Industry have been undertaken to improve bioadhesWe 
properties of various polymers. These- attempts include the neu- 
tralization of fooogentc polymers (1), die precipitation of poly, 
men in organic solvents and air drying instead of lyophl I lotion 
(2), and the development of polymer-lectin conjugates 
as well u. polymcr-biaerial adhesta conjugates (5) focusing 
on a speciRc binding to eplthelta. All these systems, howtver 
are baaed on the formation or non-exrralnu bond* inch as 
hydrogen bonds and ionic interactions. They arc therefore obit 



1 Center of Pharmacy, (nolaua of PmmucmiuciJ Tnchnoloxy, Umvor- 
Ay Of Vienna, Alduusa. 14, A- 1 090 Vienna, Austria, 
a To where e o nuB O tt deaee should be addressed. 
ABBREVIATIONS: CDAC l-cthyl-^O^iaicdiyltmmo propyl 
bodHmide hydrochloride; SOT*, cmyteneetereefsttaaceiic odd; 
MDP. maximum dersdunent force; TWA, total work of adlttifoo; 
NaPCP« poiyearbephD neatfttified Whh KoOHjTBS, TWfrKa buffered 
saline C<X9« NnCl). 
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to provide only « weak adhesion befog In many cases insufTicient 
to -sumranted iho tociQwEon of i drug delivery system at a 
given target alia. According to this, pofrnmcapabteoT fororin* 
oovalent bond a u i ui if It ca only to the mucus bye/— should 
dixphy compartUvely much higher tdhesive prPpcitiea. 

The mucus byer covering Gl-«fUhclta eonsUtj mtloly of 
mucus glycoproteins which have a central region heavily laden 
with f>Ufikedo1igC4acefaaritocha)ns and two flanking cysteine* 
rich sabdonuins oft cither sUo. These cyeceine-ricli njbdornain* 
conui nlng over 1 0% Cys m their primary structure ore involved 
in lb* Unking or mucin monomer* into oligomers via disulfide 
bonds, buildfng up the three-dimensionai nowork of the mucus 
gel layer (6). The mucolytic acd vity of thiols such is N-aceiiy* 
cy^eirtc Is based on duulHde exchange teacUoru (7) between 
mucin glycoproteins in mucus and the mucolytic agent. Due 
to exchange reactions such a$ illustrated in fig. I. intra- as 
wefl as Internioleeular disulfide bridges within the gtyeoprotein- 
slrucuire are cleaved teadtag to a breakdown of (he mucus- 
Based on the observaiion, that the mucolytic agent ii thereby 
covatemly bound to mucin grycoproteini in mucw, aUo other 
DiId] bearing compound* in particular polymers with diiol 
groups should bo covalenUy bound to the mucus (Fig. 1). Apart 
from this disulfide exchange readions, tho oxidative fonnattoii 
of additional disulfide bridges between thiol groups of the mucin 
glycoprotein and the polymer coutd be expected representing 
the principle of covalctn chromaiognphy Tor (poly)pcptidcs on 
resins with thiol groups (9). 

In order to verify this wodcing hypothesis, it was the 
Objective of this Eludy to genenue a polymer bearing thiol 
substructures and to demonstrate an improved muco adhesion 
based on the formation of disuinde bonds between the modified 
polymer and th* mucus gel Layer, cysteine was therefore cava- 
lendy bound to polycarbophit (PC?) refifeaenung one of the 
most bioadhesive polynrvcrs ((O. The mumadhepive properties 
of the resulting polymor-cyateine conjugates should then be 
evaluated by different adhesion studies in vhfo. 

MATERIALS AND METHODS 

Synthasfe of Polymar-Cystelne Conjugates 

The covakat attachment of cysteine to polycarbophll was 
achieved by the formation of amide bonds between die primary 
amino group of the amino acid and a carboxylie add group 
of the polymer Porycarbophii (Noveon AAI, BP Ooodrich, 
Brcolo^vlUe, Ohio, was neutralized with NsOH as described 
previously by our research group (I I ). Sixteen grams of neutral- 
ized polycarbophll (NaPCP) were hydrated In 4 L of dcmineral- 
ized waur. The carboxyfic sod moiciiea of the polymer were 
acti voted For4S min by adding I -ethyl-S^ Q^imethyiamioopro- 
pyf) caxbodiimide hydrochJoclde (EDACi; Sigms> Sl LouUy 
Missouri, in a fnal concentrHtion of 50 mM- tn order to avoid 
oxidation of suifhydryf groups by atmospberk oxygen, the pH- 
value was adjusted to 4-5 by adding 5 N HO and the reaction 
mixture was gassed with nitrogen for 15 mux increasing 
amounts Of ^cysteine (Sfgma, St. Lout*, Missouri, as shown 
in Table I were added to 250 mL allquots and motion mixtures 
were inevbated for 3 h ai room temperature under nitrogen. 
According to the weight-ratio of plycarbophil to cysteine dur- 
ing this coupling reaction, the resulting polymer-cystcww conju- 
gates were called 32*1 up to 1:4 as listed in Table I. The 
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Fig. 1, Schemata presentation ofdtol fide andante reaction! bct»W 
a (polypeptide And a cysteine dcrirairt aceoKfiag w 0* K* Snyder 
(B). Tbe (polyjpesitde sands hc*c for g mucin jljtoprttffttii of ihc 
mucus and the cystebx dcHvaifvo a n polyinef^ysteinc conjugate 
(R - polycartwphfl). 



conjugates wot isolated fay dltlyzing ai ((TCinibctfirt against 
i oiN HCJ cental ning 2 pil GOTA, two-timca against the Same 
medium but containing I ft NaCi and then cahws lively against 
0.5 mN HQ. Samples being prepared bud isolated in exactly 
lh= same way as pctlycatbopfail-cystcincconjiissies bm Oroiuing 
BDAC or cysteine fating (he coupling reaction served as control 
A end control B Tor the fbnowing analytical studio*. The pH 
v^iue of cfialyfed polyfae*«ysttine conjugates and controls was 
adjusted to pH 5 with z N NaOH &nd samples wene lycphilired 
by drying frozen aqueous polymer soJuifofts at **30*C and 
0.01 mbar (Christ Bern 1-8K; Osverocte am Han, Germany), 
fofymsrcyaeine conjugates « well as eomroJs were stored at 
4*C until evaluadon. 



177 

Determination of the Thiol Group Cealettt 

The decree or mo£Rcatien was decenwned by measuring 
Ihe amount efuYwl groups of poJycaAophil-cysieine conjugates 
and corresponding corarols using BIrua'S repeal (DTNB, 
5^>l^lhlciaC2-nitrobcnro^c add), Sigma, SL Louis, Ml*- 
*oun> Nine milligram* of each conjugate were swelled for 2 
b at room temperature In 1 mL of 100 mM phosphate buffer 
pH 8.2, 50 mN HO Md 4% NsCL 100 \tL of 05 N NaOH 
were added and alfcpots of 200 ulr crawferred tn the first 
wells of a mfcrotiiraUon plate (96<wolfe not binding). After 
Incubation Tor 45 mio at room temperature with 100 \lL of 
0.4* (m/v) DTNB dissolved in 4.5 M ptrasphan: fauffcr pH 
7.1, ahsorbanee ai 405 nm was measured (Amhos Reader 2001 , 
Salcbur*. Austria). The amovm of thiol groups was calculaled 
using a standard curve obtained by Kbc wllhydryl t/Cjupcfeuxnri- 
nation of a series of to hi (ions containing unmodified poly car- 
bop rul and Increasing amounts of cysteine- 

Water-Absorbtng Capacity 

Thirty milligram* of tyophfliscd r#4ytiufeeprril-cystelnc 
conjugates and unmodified neutralized polytarDOphit were 
compressed (HftASeaten Type El, Hamburg, Germany) into 5.0 
mm diameter flat-faced discs. The compaction pressure was 
kept constant during (he preparation of all discs, Test discs 
were placed on a w*i*r permeable membrane serving as the 
bottom or a plastic tube wfth a diameter of 16 mm. The tube 
was then set in a vessel containing demlneralized water of 2G*C. 
At predetermined time points the amount of water uptake was 
calculated by rc*we4ghrng the cubing and comem after removing 
the unbound wmter* 

p&iifide Bond Formation Within tbe Polymer 
Conjugate 

First* 20 mg of eolycarbophil-cysicmc conjugate 1 :2 which 
had not been brought to pH 5 after dimlyzing was hydrated in 
1.6 mL of demineraJIzed water for 12 h at 4*C The pH- value 
of aliquots (0.8 mL) was then adjusted to pH 5*0 and pH &S< 
respectively, d^tncralixed water was added in order to obtain 
a final volume of I mL and samples were intubated at 2VC 
vnd&r permanent shaking. At predetermined time points* aliquot 



lUde L CofteenmiiiMa of Res genu; Used for Reaction Mixtures tn Order to Perm Pofycsrbophii-Cyiinne Colgate* with Increasing Amounts 

of Thiol Groups 



Porycarbaphil- 
cyftaiae conjugate 


Polyusbophil 
(gO50mL) 


. Added cysteine 
(g) 


BpAC 
<mM) 


Thiol groups 
(pMflte per gmm polymer); 
means £ S.TX n ■ 6-8 


PCP-Cyst I* 




4 


50 


UU 2 3&J0 


PCP-cyst 13 




t 


50 


I2X2 2J 


FC*Cysi.2:t 




05 


50 


S3±2A 


PCP^yat4:| 






50 


3.1 ± 2D 


PCJ^-Cyfl. 8;l 




0.125 


50 


lv± M 


PCP^Cyo. 16:1 




* 00625 


50 


0,6 ± 0.7 


PCP-Cysc32:| 




0.03125 


SO 




Oonuot A 




0lQ)i2J up to 4 1 




0.0 ± 0,0 


CoflcrdB 






50 


fLd. 



N*u: The dtsrec of modtncaUon was delcrmlited tulng EH man's rcaieet. 
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volume* or 150 |iL were aentferrod to a miaxnitnUonptuc. 
(he pH-value was adjusted Co B.2 with I N NtOH and 0 J M 
phosphate buffer pH 8.2 was added in order to obtain a flu! 
volume or 200 |iU Tnc amount Of remaining thiol groups was 
ihen deOMmmed with EHman's cogent as described above. 
In addition, the increase en Yiseoshy due to the rbrttuickm of 
interchain disulfide bo ode v/s$de4±rrriinedby measuring vucos- 
iiy of the gel (AD a 10 s" l /mim RotoVUco Ksake 
GmbH. Karlsruhe. Germany) Imrnediardy aftp starting the 
reaction and after B h and 24 h of incubation at >7 B C 

Mucin Binding Studies 

Rrst, 5 mg or porcine mud ft (Sigma, St Louis, Missouri) 
were dissolved In 1.0 mU of dcmiitcralitod water After the 
addition of 5 mg of the polycaroophil-cywcmc conjugate l& 
and unmodified neutralised rjolyeaibopHil, iwpecdveiy. the pH- 
value was adjusted to 7.S with 1 N HaOH and Mmplesincubated 
for 2 h at ZTC while shaking. Samples were cenuifuged for 
10 min at 30.000 g and the supernatant* containing unbound 
mucin discarded. The remaining pellets were diluted I; 10 wiflv 
$0 roM TrU-KCI pH 7-S contaming 2ft NaCI. again cCMrfr/uged 
and the supernatant removed. This purification sup was 
repeated five times. Thereafter, the amount or polymer bound 
mucin w» spectre pholcmerrtcalJy (Lambda 16; PerfcuvHmcr, 
Vtenna, Austria) inveyugiied by measuring the absorption 
eJinuldcr at 280 nm, 

In Vdro Evaluation of the Adhesive FruparUra 

Tensile Studies w/rfc Dry Polymer Compacts 

Thirty roUti&rams or lyuphifiaed polycarbophil-cysteinQ 
conjugates, controls and unmodified neutralized potycarbophil 
were pressed to tin* faced discs as described above. The oon> 
, paction pressure was kept constant during the preparation of 
all discs. Hollowing this. leasiomeLcr studies with these test 
discs were carried out on native porcine intestinal mucosa. Test 
dim were therefore attached to the mucosa with a force or 2-5 
mN. After a contact time between test disc and mucosa of 30 
min in 50 mM Tns-HCI buttered saline (TBS) pH &S with and 
without 1% (m/v) dlthiotitrcitol or 100 mM gtydnt-HGi pH 
3.0 containing 0.9% NbCI at Z5X. *e mucosa was pulVcd at 
ant* of Oil mm s^ 1 from tho disc. The ttfal work ef aoTiesioa 
CTWA) representing the area under the force/distance curve and 
the maalmom detachment force CMDF) were determined using 
the W1NWEDOE software in combination with EXCEL 3A 
(Microsoft). 

Tfc/irite Studies with tfydrcttd Polymer* 

In order to minimize the influence of an 'adhesion by 
hydration/ tensile studies were also carried out with hydratcd 
polymers in a slightly modified way as described previously 
by Robinson and co-workers (121 150 uJ. of aqueous t*t$ 
of 2-5% (m/v) ryophiltecd NePCP and rrtlyean^n-eysudne 
conjugate 8:1 were spread in a uniform monolayer over excised 
porcine intestinal mucosa which bad been fixed on a flii surface 
(10 mm l.d.) exhibiting a retail ve weight of Q?6 g Id system. 
in 100 mM TBS pH U at 25*C, the eeCymer was brought in 
ccnun with a second poccinc mucosa. The TV/A was iee» 
determined as del en bed above 



Ucmkop-SdboUrch, Sehwarr, aod SteieJngtf 

Statistical Data Analyst 

Statistical data analysis was performed using the r test 
with p < 0.05 as the minimal level or significance 

RESULTS 

Synthesis of FotycaTtiophuVCvstoinc Conjugates 

Fbr synthesis of polycaibophll-cyitcme conjugaics it was 
essential (0 avoid air oxidation of thiol groups- The coupling 
reaction was therefore carried out under nitrogen at a pH-value 
of 4-5. In order to remove Cu" 4orts, which would catalyse 
an oxidation, £DTA was added in the first step of dialysis. 
Results demonstrated a good eorretation between the polymer 
to cysteine ratio at ihc coupling Tvaoioo and ihe amomu of 
covalemiy attached cystine- The more cysteine was added to 
the polymer, tho mom covakntly attached thiol groups could 
be determined in iht resulting conjugate. The efficacy of the 
purification method described here ha* been verified by controls 
A. Omitting ED AC during the coupling reaction led to polymers 
exhibiting a negligible amount of cysteine- Results or this study 
are shown in Table 1. All polymcr-cyttelne conjugates were 
easy swdlable in aqueous solutions " a pH-value above 5, 
thereby forming transparent gels of highly viscoelasdcity. They 
are stable towards air oxidation as dry powders as well as in 
oquBous solutions at a pH-value below 5, 

Swelling Behavior or Polymer-CysttllK Conjugates 

Based on the theory of ■adhesion by dehydration* (13), 
the water uptake of tho polymer-cystcine conjugate might also 
influence mueeadhesfon. Water uptake Studies, however, dem- 
onstrated no significantly quicker swelling behavior of the poly 
irercyifieinc conjugates 32; I up to 2:1. Merely the 
polycarbcfhil-eysielne conjugates l;3 and 1:4 displayed a sig- 
nificantly higher water uptake in comparison to the unmodified 
polymer, Results of this fnvesdgxiion arc shown in Fig. 2* 



2t 
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Fig-*- Compartsaq of the water uptake of corapwto (30 mg) of poly- 
carboplU>cytlclDcc«vhigait 1* (*>, po(yc&rbaphil<ysustticconjaaate 
1 3 Pi polycstopbi l-cptan* eoajogeu 2! I (AX potyewbeealtcy *■ 
tt^nc oanjaiftie ft:! Qo, poryc&rbopalUyiww conjugate JSl (XX 
tad unmodified num/aiiMd p ol yu ui txipbil CO). Repvcsented values are 
means (±$,£).) of a lean three experlm cnti . 
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Mg(0t4bd)vc PWjmfr with Ititol Croups 

Formation of DbulOde Bonds Within Polymer- 
Cysteine Conjugates " 

let aqueous solutions at pH-value$ above 5 the tMol groups 
of polyxaitaphil-cystm^ conjugated arc M subk any more, 
They *rc continuously oxidised thereby forming disulfide 
bondf . The decrease in nltnydryl groups at pH 6l8 is i Haunted 
in fig. 3. Due la (he high dwiir of carbonic acid ottieocs 
within poly(acrylLe icid) derivatives* these polymers can also 
function as ion exchange resins. Hydratcd matrix tablets based 
on such po\ymers art able to maintain a previously adjusted 
pH-vsluc even in G I -fluids cw several hours (data not shownX- 
Accondinfi to this, ihe formation cf disulfide bonds wilhfn poly* 
mer<ysierne conjugates might be controllable by a priori 
aojusung the pH-vahic or tbe system. Whereas the amount 
of thiol groups decrease** viscosity of (ha polymer conjugate 
increases. Corresponding instigations demonstrated t viscos- 
ity of 2907 i 193, 3338 ± 154 and 33*4 ± 149 cnPa^s (means 
£ 5.D.; n - 4-5) afto 0, 8 and 24 h of incubation at 37°C 
This markedly ncrease in viscosity can be explained by the 
formation of irtfercfram disulfide bonds Icadinfi u an improved 
cohesion of the polymer network. Adhesion of many quick 
swelling polymer* is limited by an insufficient cohesion of the 
polymer resulting in a break within the polymer network rather 
(ten between the polymer and mums layer. Although polycar- 
bephll-cystcine conjugates are rapidly hydrautd, they are able 
to form highly cohesive and viseoclascic gels due u the forma- 
tion or additional disulfide bonds. Compacts of polycarbophil- 
cyrtcnie conjugates, which were, actually pressed far tensile 
studies, displayed high mechanical stability as well as elasticity 
without any erosion even after several days of incubation with 
30 mM TBS pH 6.S. In contrast, compacts or unmodified paly 
carbophil disintegrated within several boors. Especially Tor 
polymer conjugates of high cysteine dotation the formation of 
to over-hydrated slippery mucilage can therefore be com- 
pletely excluded. 

Mucin Binding Studies 

The mucin is composed largely of flexible glycoprotein 
chains, which are crosslinked by disulfide bonds, &ue to those 




2 

e 

e-1 1 — « 1 
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F%. 3. Doulfldo bond fbrintuoa wuhta o gal of I* (RVV) pelyar- 
twphil-cya5fcflo«^iB (O) and pH 3.0(a) * 3T"C 

todletttd values are mouo <±SDJ of «l least four ctperrnltfu. 
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disulfide bondr anoVof remaimog thiol motel of the glycopro- 
tein, ft should be bound to poly*** exhibiting sulftydryl 
groups. Although a detailed c^uantirtcsUon of the arnoum of 
mucin bound to tested polymers was impossible because of the 
heterogeneity of the used mucin, this theory could nevertheless 
be verified. Resuki demonstrated the mucin was effectively 
bound to the tested polymer-eysteine conjugate, whereas It was 
not at ad bound to unmodified neutra&zed r^tyearbophlt More* 
over, due to the addition of \% (nW) dithiothreitol already 
bound, mucin could be completely removed from the potyw- 
bophlUcy steins conjugate. 

Tensile S todies 

Tensile studies with dry compacts or pcJyTncr-eysicine 
conjugate 32:1, I&l, and &1 demonstrated a, clear corrdaiion 
between (he amount of porymeHfnM cysteine and the adhe- 
sive properties. The more cysteine was bound to the polymer, 
the higher were its adhesive properties- At the polymer-eystqinc 
conjugates B; 1, 4:1. and 3:1 mucoadhesion reached a plateau 
phase displaying a mare than twice as high total work cf adhe- 
sion (TWA) than the unmodified polymer. A further increase 
in the amount oTcovalentty linked sulfhydryl groups* however, 
lead to a comparatively lower TWA, A reason for ibis observa- 
tion can be seen in a too strong modification of the original 
polymer leading also to a significantly higher swelling behavior 
as shown in fig. 2. Results of adhesion studies arc shown in 
Fig. 4. Whereas the maximum detachment force (MDF) of all 
conjugates and controls was in very good correlation with the 
total work of adhesion, it was comparatively higher at the 
pofyrncrcystelne conjugate 1:4. Tensile studies carried out at 
pH 3,0 instead of pH 6.8 revealed a tigfuTjcam decrease in 
the TV/A of tbe polymer<yctcine conjugate displaying only a 
negligible amount of active ihiolale anions ai chis pH -value 




*lg> 4. OwnporUcn of the adhesive properties of rJolyartwpWKcys- 
tsins cofljogaw and contrail wtdcfj were generated accenting to *e 
scheme as listed in Table I. Itepreseatad vahtes are means 
(n - 3-8) of the TWA determined In b*ufe nudfca ai pH &6 with 
dry eompscuof mdicaied use materiel 
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Whereas the increase Id TWA. of the polyc&tophil-cynetno 
cenjogaiefcl w« deteerniricd to. be XG9 ± 0i654bld compared 
to unmodified polycarbophil al pH && (mean X S»D4 n ? 3), 
h we* only U6 ± 0.7 1-fold as pH 3.0 (mew * S.D.; n = 5). 
Furthermore, the increase in TVA of the seme polycarbophil- 
cystesne conjugate compared lo the unmodified polymer was 
also only 1*55 ± 025-fold at pH 6.8 (mean ± n - 4) 
due to ihe addition of 1% dimiothreitel Inhibition the forreiiton 
of disulfide bonds between the polymer and die mucus. Tito 
difference in TWA between the unmodified polymer and ihe 
patyctxtophil-cyjsdne coryugjuc 2; I was therefore neither si 
pH 3.0 nor In the presence of thiethttitol af significance* 

Tensile indies carried out with hydratod polymers demon- 
strated also an approximately twice as high TWA for Ihe tested 
poryearboprttUystunc conjugal*. Results are shown in Table 
2. A* ai this type of adhesion test, the break occurred more 
within the polymer itself (htm between the polymer and die 
mucus byei; it wat impossible co differentiate between polymer 
adhesion and cohesion. Bath factor?, however, are essential for 
a long-term attachment of dosage forms 10 the mucosa. 

DISCUSSION 

According 10 our working hypothesis! the mocoidhesive 
properties of polymer? should be improved due to the introduce 
uon of thiol groups leading to eoraieni bonds between die 
polymer and the mucus layer. 

On the one hand this theory could be confirmed (I) by 
the effective Immobilisation of isolated mucin to the polymer- 
eystcme conjugate, whereas It wu not at all bound to the 
unmodified polymer (It) Tcrtmte studies carried out with dry 
compacts of polymers demonstrated that the mucoadhesrve 
properties of potycarbophil can be raised for more ihort 100% 
due to the Immobilization of cysteine, (111) fn contrast to tensile 
studies carried out at pH 6.8, theadhesive properties of the tested 
polyearbophi I -cyttei n& conjugate 2:1 were strongly reduced at 
pH 3.0. At this pH-vato the formation 0/ disulfide bonds as 
well as disulfide exchange reaction* can be almost excluded 
duo to a negligible amount 0/ negative thJolaie anions, -S", 
representing the reactive form or cysteine in oxidation and 
iKjdaopfuTus attack (8). (IV) The ctMnparably lower adhesive 
properties due to the addition of OltMotbteUol suppressing the 
formation of disulfide bonds ceo Id also substantiate our work- 
fng hypothesis. 

However, we had to realise (he improved adhesive proper- 
ties of polycfJbopm'Kyaeifie conjugates cannot exclusively be 
explained by the formation of disulfide bonds between the 
polymer *nd tte mucus layer; As the mechanism of mucoadhe- 
sion is even for well established muooHdhesivc polymers not 
yet fully understood, the exact explanation of an addmonal 



T5»bta 2. Adhesive Properties of IS* (nW) NaPCP and the Polymer* 
QrsiBina Coojufsta 8:1 mptf 6J According co the Method Described 
by Robinson and Ce-workets (12) 
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Eernkep^ScsuiOrBh, Sdiwart, and Steunoger 

mechanism turns out to be much more complex and difficult. 
In corttrurt to unmodified polycarbophit for instance* the also 
quickly tr/draled porycerbcphfl-cystcinc conjugates remain 
very cohesive due to the formation ofintercrwn disulfide bonds 
wStttin the swelling polymer. The approximately twice as high 
TWA or the hyeMed patycaiteprUl-eyszftirie conjugate 8:1 
compared to the hyd rated unmodified polymer has to be seen 
as the result of higher eofeeszve properties of the polymer conju- 
gate, as the adhesive bond of both poly men failed more wUWn 
(he polymer itself- These results are in good accordance with 
earlier investigations demonstrating that the detachment of 
hydraEed poryfjtcryne acid) discs from a mucosa depends on 
imerfacial phenomena as well as viscodastie properties (14). 

So far the use of quick swelling polymers was limited by 
an overhydration leading to a slippery mucilage. Using such 
polymers (ha break occurred rather within the polymer than 
between the polymer and the maws layer- In contrast, pelycar- 
bophil-cystrinc conjugates display both high cohesive proper- 
ties, which could be demonstrated in tensile studies: carried out 
with hydrated polymers, and a quick swelling behavior- The 
results or this study revealed 'also a significantly improved 
swelling behavior of polyr^rrjophil-eysteine corrugate* 1:2 and 
1:4 compared 10 the unmodified polymer- According to the 
theory, rapidly swelling porymcrs will also qniefcly Interact with 
the mucin thereby providing good adhesion, the quicker water 
nptake of these po Jyctrbophi ^cysteine conjugates should also 
be taken info consideration as an additional effect for improved 
adhesive properties. However, In comparison to the polymer* 
cystel ne conjugate 8: 1 up to 2: 1 , which did not display a signifi- 
cantly improved swelling behavior, the adhesive properties of 
these two oenjugaces were even lower 

m summary, the high adhesive properties of potycaxbophiU 
cysteine conjugates have merefbm to be seen as a result of 
various factors. The influence of factors such as the formation 
of disulfide bonds, hydration and internal cohesion on the 
mucoid hesive properties of modified polymers can only be 
evaluated In connection with each other and not apart 

CONCLUSIONS 

The covaleni attachment of cysteine to polyearbophil leads 
co polymer conjugates displaying strongly improved adhesive 
as well as cohesive properties* Being aware of the rnueuj turn- 
over and peristaidsm. these feature* should nevertheiom render 
potyctttaphH-cysteina conjugates useful as exeipierus for drug 
delivery systems such is tablets, pellets and mtcropafticles 
providing * more prolonged residence time on various mucosal 
tissues compared to well established polymers. 
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Polymers with thiol groups: a new getteimtfon of mucoadhesive polymers? 



by Bcrokop-Schnttach, Schwarz V, Stemigor S 



General comments 



This is a well written article* making use of tto cleavage of disulfide bonds by com- 
pounds containing thiols as acetylcysteine. This wdl known reaction is exploited to 
increase unspeciifc muooadheskn by cleaving the disulfide bridge of mucus with 
acetylcysteine coupled to polycarbophil with the result that polycaxbophil is cavalent- 
ly linked to mucus. (This idea is tmnant and there is some evidence given in the 
paper (hat it really weeks although the experimental in vitro circumstances especially 
if (synthetic) mucus is involved are very complex for a sound interpretation. The 
referee therefore suggests 10 include In this article simple ea-vivo methods as e»g. 
measuring of residence times of polymer-cystmne conjugates beads compared to 
polycartophfl beads in freshly isolated gut of rats or pigs as kg, described by Lefar 
ct al. in STP Phanna 5 (1989) 857-862 to have more evidence of improved mucoad- 
besion under physiological condition]. 

Such a proof would also allow to omit the questionmaxk at the end of the tide 
because then enough evidence is given that polymers contacting thiol groups may be 
a new generation of mucoadheslve polymers if there are no lexicological contraints 
to use them. 



* (the English could be improved by the desk editor and there are some minor 
typing errors). 
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